(1) Japanese Patent Application Laid-Open No. 2002-189000 ''Semiconductor 
Device, Evaluation and Analysis Method of a Semiconductor Device, and Processing 
Unit of a Semiconductor Device" 

The following is English translation of an extract from the above-identified 
document relevant to the present application. 

While a grinding tool 3 having a groove 3a configured into a semicircular 
shape in cross section is pressed against a reverse surface of semiconductor substrate 
lb and rotated with a normal that runs through the centre of a trench 3 as an axis, a 
semiconductor substrate is grinded by abrasive such as diamond slurry and diamond 
paste. 

As a result, a convex semiconductor hemisphere Ic is formed along a 
semicircular trench 3a, having a rotation axis in the centre (see Fig 3 (a)). 

Depending on whether a semiconductor hemisphere Ic is a semispherical solid 
immersion lens as shown in Fig 1 or a super semispherical soUd immersion lens as 
shown in Fig. 2, the size and shape of a trench 3a of grinding tool 3 is selected and the 
depth for grinding is adjusted. 
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Sr1#t»4:-r-5BI*^ 1 Xtt2 rov^i■ ojc:|2tt«>2i£ 
r i: ^4#mi:-f 5iS*«8 (cfB«w¥ 



«S®<^9f 3e^aB»r?r±l59FSiJ 5'— /uroisl^lft iter 7 -< 

iDx^a. 

[ft 3ft« 1 6 1 m^T7^ ^ ¥^^*^s« 
4 jciE«<o2|£#i^^«<o^rax3g«, 

t:^m. t i-^n^m 1 4 tciB«ft«)i|£^«c^go*nx3s 

So ' 

f ¥^*^^B<^^PX:fr«fe(c*5V>T, 

i|tajfril«<^Jnx:^ffi, 
iU. ^ii*-3|(^S«SES:*DXU-CJ^^L3t*JIE?3FSiJ 

*0X3&ifeo 
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2 2 1 ili'^^^SffiSr^gfgiJt 5 r i: i 19 ijt^ 
[00 0.1] 

[0 0 0 2] mz. i^mi¥mm.^m^-r^^^i^mm<o 

[0 0 0 31 

[00041 r<^J;5 JiAfillHlKf^ifeft^lW^fei: U 

S (Em ission Microscope) i£,0 
BIC (Optical Beam Induced 
Current) fe/iif. g^s/rSffid^b^aOSfSrSI 

[0 0 0 51 mmmvfizit^mtstix^^^^^^n^A*^. 

[0 0 0 61 U*»U**SP>. ^S?'t'<03t«?JftS«:, 

S[S 1 . 1 A mCC»#^JtO*i^, -> y =1 

0. 3 M mi:/j:o-CV»5<0-C, ^<O^Ai:m^-tKt£. 

[000 7] i: r 6*5, Ell t-^i-<t 5 t^JferoS 

®/»w#fe-t?i4. i|i-#fli:s«5S5 1 b i:w-mc^mmm 
ffi^B 1 a srm^-rs^, ^mi^m^mm i b T'<r>esf 



10 0 0 81 ^(Ofc«), 3t<^^JK:g{biamASffiiS*iX 

So. 

[00091 (festf -e«)®s«<is«i*Sr*Jffl ufcais^ 

^fe^s^p>4^•T:v^5. . . 
[0 0 1 01 UA»U rixbcs^feH:, ^Uffl-fSiK-^H 

[0 0 111 i!#§gsF5 — 1 5 7 7 0 1 -i-iif^tc: 

[0 0 12] mi 2 Id^-f-i 5 Mi^UVX2 0D^^ 
4r4^3l«:S*5^® 1 a Id-a-fc-Brfc^x Jpa>'>'X2 1 <D 

[0 0 13] {ab, r<0^ffit;i*3V->T, SFi*bWVX2 1 

t i¥^mt^mm.mm iht iommmm^^^^-r^ t , bsi?- 

[0 0 141 sp£,i^>'X2 1 t^mt^&WRSl b to 
tgtd^^i- 5 mP^kin <r>m^ iffiSffi SrSil b«IVMB|fij*s 
[0 0 15], 

[0 0 16] ^oastt. iji'^frssss-cioe^fj-J: 

[00171 m 2 (OFp1S;Sttt, SS*sjpa>*¥^(^StS 
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[0 0 18] ^(DM^tt. ic^'p-(^i^icm^i:^&i. 

[0019] SI 3 (DmmM.ii. ¥^mt^w&tm \:.um<o 
[0 0 2 01 ^(Dmmtt. ^mi^mmtw-a^>-:^<r>^ 

[0 0 2 11 iK^'PtO^MXcOtftii. ffiW^nOH^^ft: 

[0 0 2 21 
[»ll 

[0 0 2 31 msimff>mmsimn. z<oii*Di: ttJcA 

6 0 S-e:*C^{l!l-^SiS-r 5 . ^ = 1 . 1 |i m<D#:n-Jt<0 
2 = 1 4 0 n m-e«ll-Sti«»?J 1/10 ic^i^o 

[0 0 2 41 ip*>. ¥m»&mtw^\^>:^t<omm 

14 0 nme^±«nt:i/>5#-a-> AM^^ 6 O^-C^ 

m^mm-r^t/tcom^mmti i / 1 o i^rt-JitSi-s. 

:z<om^<7>m-^ti. iS^MSfi6tc*4--rSii6AM^03t. 
IP*) fl v>3tt::;t««if> < feSS 

1). HfrauvX3^3l5<Ol4iBSr#5r 
[0 0 2 5] Appl. Phys. Lett. 5 

7, 2.6 1 5 (1990) tCHc. E 1 3 <Oi 5 ^fcH S?g 

K!|s|-2 3Jj:^*$1t5®co^j22Srn«*^lc*5' M.fc@ 
<*:Su>'X2 2>6^|^®$^^TV^^)o r <Oi 9 
f*:gu>'X2 2tc:J:ixtf, «§gl*i|s|.2 3 »c««$-fr5ffi 

[0 0 2 6] mi 2WiPi!liU'VX2 1<D 

[0 0 2 71 -tOfcfe, El 2<DSFj!bU>'X2 KOm 
^, «ffii|£€IRS:i|£^«:SffilOJ?^5tcJstUT+i5-:^# 



< U/jJi'^IS'J, 121 3©J;5'fc?^«il--t-5-i:«^Hri8 
[0 0 2 8] BP*., *SroJ¥$<Dii£*^*:a)KSr^f^LTS 

i: 1 t <Dm^mmi:'h^ < -f 5 :i i: -SSS^'fc 

[0 0 2 9] *:^PJr±, ±IEei6jfe*^?troPp^a<iS 

[0 0 3 0] 

[003 11 :L<om^. tmHf^^o&mfi. 

[0 0 3 21 :i--t?, ffil5¥-«^^(^dbee«:x fltTlS^aiH 
S(iffiitt^«:S«i:«inS¥^«:H«tgVi'Xi:W: 

[0 0 3 31 r(Dj:5'ic«^roT, «^rfa¥^«a)tt^'L^^^g 

[ O 6 3 4 1 fcSV^f*. WIBift^«^a««)JB«fJ?S: n i 

[0 0 3 51 :L<om^. m&^^<o&uti. m4mm. 

[00 3 6] *^PJ-Cli. i¥^^w&m^micj^^ 

[00 3 7] r <D#^, flfrlEBf^^SBTttv ^J;tti, ttfia 
[0038] Z(Di:o ^J:ilim.<r>T. tirlS¥^(*:S«»E 
[003 9] gni5#^<*:S«SffiO0f^<®0fO*P 

T.mz. t^l^^SlHlK^-*^LT®fcWA>3^SrfPJPL, «r 

[0040] fciW^tt, «5nBiH^^«^Sffi«>0f3tiBBFf«OJP 
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[0 0 4 11 *l8B«-eHc, i|t»«:S«S:WB'J-r5 

10 0 4 31 r ::t?. mmmi)i'^^tftmwcm(^m^. ^ 
[0 0 4 4] W!^mwimi>i¥f^mi$^m^^^-r^ 

[0046] r<Di:#, H3^j»<02|^^«:, JffB'jy— /ko 

[0 0 4 7] R?l^s^SrBff:^^i«^::?gJ5^i-5^ifet b-c 

[0048] 

[f^ffli *38W-ett, ¥-«(iEsa*«i^-r?.¥^^«^»« 

--^3S(*Sg^-OfFiiiail«rSrlT-Ts 

[0 0 4 9] r:r.T% @<^rgi^>'XSrJg^-r?){@B;f»i, 

[0 0 5 01 *fc, wmmi^^Pim<ommj&vti:m-ri> 



[00511 IP*.. mmry^/\^<oWMmi:^^i^s^M 
[00 5 2] t #t«3l5«>»«f^j*-e« ») iiA/*r4^S 

ttSrr7'r>:^hbT*5<. T7-fp«>'h«:, ^I^^^^^S . 
«^B»-?^fife^?ti'Tt/>5-'<^'->SrS»i:b-C, 

j^figbT, r rofflS^Sr*9IBW^"Jy-/KO:*f-< Ki: b-C 
fiJffl-r-S :i t J; !? , T ^-f ^ V h bTt it''. 
[0 0 5 31 ®?»^Sr3pJffli-STV'f 

*fb. ^JFBgy-^utS^fflSt-SISc^iBBfib, i<Dmm 

fp-bi^s 'f}bWisy—/^<o\muw^-tt>-^xis<« 
[0 0 5 4] mb, ^Lmwmm^M\^. wm 

[0 0 5 5] Pimm<^^^ h'i:mm-t^T7-{ :>^:^ 
[0 0 5 61 rcDi KSr*lJfflbitT7'f'y>' K 

iBTfcsfcfe. c^^tits^^ioxrolsDSB^Pt-e, 

[0 0 5 71 ^fll^-ett, ^m?WS.^$c 

ft:4'-CMilSS'fbbfc3t**iJffl \^-k.n^m&WSxt^^^\^ 

[00 581 $ btJl, H«cS^>^*^-<^ 
{kbTV^^fc*. Rtra»-eHbfc^ftltBfiTAS|8^b* 

[0 0 5 9] 

[00 6 01 (^1 <r>-m&<n>WM) m i «r#ra-r5 i:. 
*:fS?^W^ 1 ro*16<^J&®»4> #^flcSSl<0«Bla 
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[0 0 6 11 Eik:*5v>-c, cO'^'i^ti.- 

[0 0 6 2] iBzic^ :^mm<r>mM<oi&m<r>mmc^v^x 

[006 31 jS5^»ro i 5 ti:¥^m»m^ 1 SrSii^t6<S 
[00641 ^rco^, 1 a iCjgfig^ttT 

I 0 0 6 5 1 iH'^^^ilfe^ 1 c ©tf'^tt, il^'^ft^SS^S 

[006 61 ap*), 1 c ^mm^n^m 

AS 1/3. 5ffiF»C/jJ5<0-C, 3. SffiF©S5^^tB{b!6SH 
[0 0 6 71 i}£^fl:ii£3^1 ca^^ffi-cfflWL.?icv^ 

[0 0 6 81 lEfc. mV^W:l^>'^ (^^i^^mi c) i: 
V>. fHoT, @(*:gv>'X (ijt#«:i|£«i c) lcJ;5iiS 

[006 9] m2 <omm<Dmm) ^ci. @ 2 £^#^1. 

[0 0 7 01 ® 2tC^f^2CDjg;te«>Jgffi'b, mitm 

1 c?*® 1 a icmm^^ o^-tirf ) *s 

b<0— spas, i£b1ft<OH^^]^E, XJ4i£b<^¥-*S<^— SCSrfiK 

[-o-o--7-i-l-{rtrrl2l-2-»ciov-vT-T-#'^«^^i^ 

[00721 /ifiSlitJ-fcV^T. 



[00 7 31 IP*,. 1 c S¥^3»ai (Xii 

[0 0 7 41 0ijx.«r, if^mmmifr^i. 5<0'>v=^:^ 

*:*:-C3. 5fgFlc/ji«<o-e, *^iK)i 2. 3«Oies^5^ 

[0 0 7 51 i|t^*t:¥«l cSE-e<©®*fS:#5 

ri:*»p>, :*:5i;tf-Cl;fet^ft>SSr^-SJ;9l-^ff^ttfc 

[0 0 7 61 M3 (a) XtJ«l2 3 (b) SrfflV^ 

[0 0 7 71 *-r, ll?fSiJS^RJ^<^m3 a;6SJgfig$iXT 
jSl3 aWf 'L'S-iS'Sfei^Srlftt U-ClHlfe$ii:J^i;65e>. y 

(@**-f) kc^y)i¥^m^mii:mwi-i-i (03 

(a) ) , 

[00 781 m^^ir'Pi.-t bT, ¥P3J^o 

j«3 aK:»ofcia<^<Oi|t#<*:i|t«l c *sj!?J«$iX5 m 
3 (b) ) , 

[00 7 91 ^mi^^^^l c Sr. E 1 iZ^-f^^^i^m 

[00801 ^mt^^^^ 1 c ir^^m^i^S: U'i'Xt U 
•CflJIBi-.5«^. <»«f^«W»ife^>X2©iaPft»CJS: 

^f^ik<r>i^mti. ^fiatc^-^b^cv^^, ifij'fb'b^ffiic 

[0 0 8 ll ^¥c-C, /I'Sco^S a 

[0 0 8 21 i^i, ^^m(o^mR^t. ^mtt^m^ 1 w?dsb 

[0 0 8 31 i¥^mt^^^l c S:ie¥'3*SI@*t:SV'VXt 
br?)]ffli-'5^«, ^:fe't¥^«-Cfc5wi:*s»*b 
V\ jSW3S®<^*t''^^'>'^<^MR!Sc;i^ sin {tan 
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-1 (1/n) ) likT<om^tt. i|t5^^f^dSlgiftt::«* 

[0 0 8 4] 0ijx.ffs BW^n= 3. S^Ji^y^i^iOS 
sin { t a n - 1 (l/n) } *f 0. 27 Sbti 

[0 0 8 5] i@#^S@<t^S^>:Xoo«^, i|£^^$:it£:^ 

1 c (o^L-im^n^t fiZi^m^wsikmsi 9 R/n 

SrJ^^UTt.. 45^^ft:¥^3*l c opiate, R/nWSS 

10 0 8 61 Rtt. ^^WmWL\<0^^0\/ 

(1 + 1/n) m ('>y 3:^0©^, iKiO. 7 8ffi) J; 

[0 0 8.71 ?6oT, m^^^w^irMT.-r^^. m 

v\ 

[0 0 8 81 cCOSffiti. |il9:i^A>v^5S*a: 

[ 0 0 8 9 1 roi 5 b-rjgi!eb:t¥^^{*:^^^« 1 c 

[0 0 9 01 gp*>x ctt. tJi3|5<Oftf#f^ife 

[0 0 9 11 iJctJ:, E4~08i£-#flSUT, it^$*Vfc 
[00 9 21 04 i::*3V>-Cs ^'S^W^ i li^SOdi^T 
yu— h4W:, v'5coggPSe*S5Ji?"C-:^v'— 

[00 9 31 ^nWWSL 1 <^a®a!l±*»-l9:«*iiT''^-W 



[0O9 41 ^■<0^, WffJy->'i'3Sr¥'^(*cS«l<75S 

sjfctacait^*^ ^s/7'F*j<offi^7'— ^'T-ms^ixfcs 

[0 0 9 51 @fa<flrex«:-t®>£^K:. *SI1I8S«>S^ 

[00961 la 5 »c*5i/>-C, 1 »«E«SrT 

5, ^7^— :^5S'^^bfc'<-;=^^v'— ':^5 att. 

[0 0 9 71 rcix?, :^7^h'mmti. ^mf^mw.i(o 

[0 0 9 81 S^^7tt, 3t^^<7>9]9#x.»;iio-c. 

[0 0 9 91 SmM7 (DrX\ ii5^5-<StB(^fi®^dSjtJ 

tt>'L'lJ:5gPSb$-erS. -to^, ^— i^5 a Sr;^7 
■fr. WB<J'>->'>'3«r¥^(*:S«l<OKSl-T'5U-C. ?IF 

[0100] m^mm(r)Mmmm^!S!.^m^£iSLmmmtK 

[0101] BlfM^ta*^ i»^^S<^««S3n'-<^ l>— tJ'— 

[0 10 2] r<oj!raxi?B»-J;ti.«, W8iJi^^'-c<^ 

[0 10 31 |214fi.t:;^l215<DiPX^e»c*3V^-Ctt, T7 
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[0 104] 126 (a) J::*5I/'>T. ¥^mf^&^l(OM^ 

■ [0 10 51 r<ofc#. mms'^^tmytmi:mm-tix 

(126 (b) ) o 

[01061 :L<Ot^. ais/f^VirtCiS^feH-^^-jS 

J; 5, f^*, w-i^;^ h-^;:^^ 2 4<onj^-'-«^'— i^'+ifeS: 
8atH:.-c*j<, 
[0 10 71 roi^J^iRJ^SIl dSrJ^^bTfcMt«, 

f;iT7-f ^vh-rS-i:*^-^^^ (126 (c) ) , 

[01081 <D^mxi-i. RJl^Si i a (DWcmmm^y 
~/u3ff>:ff^ Ki: LT^tg-rsro-e, W^ijy— /V3 <OIhI 

i£b4fc¥^**^^«l cSr3gfig;i-«.wtiS-C#5 (El 6 
(d) ) o 

[010 91 :i(r>t^. ifffiijy— yu3 03ji£®«:, 0 3 
(a) <oi.^f£:^mxr)i>. me (c) o)J;9'fcn?^<^ 

3<o:/u*«Jx.-5?a*;iSit5</i:5. *fc., RJ^SfldSr 
[Oil 0] 07 (a) ~07 (d) li, l^#ORJgj» 

[0 1 1 ii ihm^'^tiaT.m<r>mmy—f^^^m 

5lCRfl^«2 5 ai^J^fi£-r4 (127 (a) ) . 
[0 1121 r<7>RJ&«2 5 a<Otfi,»S:. i|taSflrS« 1 
~SffiO£j^^it^#f*Ji|i3*-l-c-iSrf^j^-b-fcvv1=^^^^ 
S-frT. V7^«2 5i:i|^^«:S«lSrlfi!3-&to-B:5 

(El.7_(.b.)_)_. 

[0 1131 r<Oi:#«5T7-<p' Vhtt, H4RUfE5 



[0 1141 fts t) ^to-fri-, ■Brm3tt-»uTS?^/ifiaB! 
{ktt^3lf^RI*ffli'\ r7W^:^h«, ^-oi^iniaibT 

[0 1151 iSi, RJ^»2 5 a ft. Py :^Wi2 

0 7 (b) oiptc, Rjg«2 5 a<otf^.^^cs^2^iSJ:!J 

<Z)RJ^^2 5 a«04''i>Cl:fi56®*S^^j;i7»i5, ftS-g-iir 

r<0RJgSS2 5 a;^»c:WB'Jy— >'t'3Sr?g:4:bjitf:: 
i:-^, i|fcg|ffSSlSrT7'1'p«>'h-r5wi:*s-Ct5 
(07 c). 

[0 1161 =i:<oWi. py^m^t. ^mw&mimm 

fig-t-5ri:AS-ci:5 (07 d) . :L(D^mXtt. H-^ V 
(R}^SS2 5 a) 05J^fiKiO^^^^(*:H^«l c<OJ^fi£ 

[0 1171 12 8 (i. mT.mm.\^'m-&\^x^m-t^p'< 

[0 1 1 81 ^mW&SLiii.. ■9-z/:^7'-i^2S±iic:/ 

n y J? 2 9 t @;£4=^ 2 6a t?@^$ixT*5 t) , ■!^:/:^ 
T— i^2 8f*. ;^ 7^—5^2 7 J:l;i@;t-^i^2 6.bT?@3t 

[01.191 7tJ:tt, K3 OjJSH 

35$ixTi3<5. @3e;^S^2 6 a i:@:£^5^2 6 bSrSfef^ 
■r2>c ttrit), KB 0(;iM-r2)i|^^l[ff£Ei«?7k 

[0 1 2 01 CW4:#<^T7'1'^>' hf±. 0 4StK0 5 

itt#f^SSlgS<DMMtfcfi(CW'-1»'-^-X?-?-=^r 
>';/UTfcfttf, ■5rm3t®«jt«ET-e. •^-=¥v^'teeS: 
?fcBL<C*5fi, K3 0(ptt>'tj>--T7'l'^ > hi-5r . 

[0 1 2 1 1 K3 OOijiSfi. WS'Jy— /K^^^t 

±{c*ji/>T. mw\y—j^^P^ K3 ortir^t biifti 

•(2B»w. :^2 7Sr@:£i-2.::i:-C% WB'J>>->'K0 

[3«W»::, ¥^fl£f" y :^ 1 ©gfaiStBSTT- ^i' ^ >- M" 

'■ 

[01221 07 ~0 8 (DlsaH^^h. 0 6 (OiDX#& 

BlfSficBt-SI^UT:u>5©-C% KSr^UfflU/iV^BS 
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[0 12 31 ^»^^^m^\^-k.^. iSi^tiwSffi 

[0 12 41 |29(C^i-fiE^#fe<Oeim*, 

'f-y7'9 4-TW7>'Kl l»J:-^'^>'M'fc-t"^^ sKvt* 
-<i^^Sr?fo-C. AS[Hli^OAW;^^^i:U-Kig^l 

[01251 r 5 UT^lHl^(OAttJ*4S^S:^-'5"5r- 

i?^i22<DD- Kiffi^l 4^;n51#t^i-r^:t?^ y-Kffi^ 
1 4«r:frbTll^6*JA;bAS^t8»-'i5o ^ix^^ 
SE(D^-/WF«a§l 0i:T-r7i^Kl lS:l^*bTs 

[0 12 61 r<7)tliliT?. EMSS-^OB I Cffi^lCj; 

)iax.mm.ttm7Lf£\'^i^. lasrojnxismfcj;!?, maw 

[0 1 2 7l JJctc, 01 Old. *fi[iIK^roa^6<jA;'3 

[0 12 81 nmm(o^^7^i>^±:)jicmm.^i^t^MmM 

[0 12 91 -to^. T:S-(-^tte)*t-fcM^ffl»'^^^ 
X2 0Sr^UTCCD;*;?'7^T?;>3i>'^^S?r5ft^l>'iC 

[0 13 01 rroj; ^'ic^Ml-C. 7°o-:/i 9Sr:frb-C 

i?3i/'>;^x— i^l 6<DMP,Sf5*^bSE^*fSrtT5« 
[0131] ZOm^ii. ^«)a#«)S®»<»f SrfTo 

15a ^Jg^-rS r t tJlJt-S. 

[0 13 21 Ud»L, CIKO^-a-tt^ ^^SW^S'T'ro^® 

114, ia5(0{5Itt<75jDX^«S:fflV"'r4>. ^aot£«t^ 
i|t^fls:ij£^ 15a SrJ^fig-t-?. i: *s pTtBt /ii, 
[0 13 31 

[-0-1-3-4-1-^-1-e^^f*— ^#S«4^--^<^-)feWMSJ- 

[0 13 5] -tWSfttt, ¥««JS«SE«3FfaO®B(f 



[0 13 61 i^2«5^*«, :*:$L4'"Cl;^»C«S;fe«r»-5S 
[01371 -troSfitt, i|«^(*:S«S®«>B>fa«>ffi0f 

[0 1 3 8 1 fSi. [!i4^t^3*t?)@^«a<^@^^«'^^^S^ 
[0 13 9] »3(0^^I4, ^«fl^S«i:l^i:-«-«<^>¥ 
(0 14 01 ^<Dm^tt. @ttaw>'XS:i|^^(*:S«rt 
[EIffirofB5*/£lfte«l 

[E 1 1 :$^mm(om 1 <0||JI6«>?^«St-*S CT2|t«S<^)@ 

[11121 3^3gw<^^2»siJ6»j^«i»-*si:^-c. m^^m 
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